It generally is believed generalized joint laxity is one of the risk factors for failure of anterior cruciate ligament (ACL) reconstruction. However, no consensus exists regarding whether adverse effects on ACL reconstruction are attributable to joint-specific laxity or are related to the severity of generalized joint laxity. We therefore asked whether knee stability and functional outcomes would be related to joint-specific laxity and would differ according to the severity of generalized joint laxity. The Beighton and Horan criteria were used to assess joint laxity in 272 subjects. All elements are added to give an overall joint laxity score ranging from 0 to 5. Knee translation did not increase in proportion to the severity of the generalized joint laxity. Patients with scores less than 4 showed similar knee stability. When all variables, including the severity of generalized joint laxity, were considered, only hyperextension of the knee independently predicted knee stability and function. In patients with knee hyperextension, a bone-patellar tendon-bone autograft provided superior stability and function compared with a hamstring tendon autograft. Our data suggest knee hyperextension predicts postoperative stability and function regardless whether patients have severe generalized joint laxity.
Introduction
Numerous factors are involved in a successful ACL reconstruction, including graft type, surgical technique, and rehabilitation [10] . Careful review of the literature reveals most studies do not take into account the inherent structural and physiologic characteristics of patients as factors influencing the outcome of ACL reconstruction. Studies regarding generalized joint laxity have dealt with the effect of joint laxity or knee hyperextension on ACL injury [15, 18, 25] . Especially, hyperextension of the knee has been highlighted as an intrinsic factor contributing to ACL injury [23] . However, few have considered generalized joint laxity or knee hyperextension as potential risk factors for knee stability and function after ACL reconstruction [1, 13] . The concerns with joint laxity are the inherent connective tissue extensibility of the autograft and laxity of the secondary knee restraints [1, 22] .
We reported the negative effects of generalized joint laxity on ACL reconstruction [13] . According to the Beighton and Horan criteria [2] , generalized joint laxity is present when four or more of five tests are positive, including contralateral knee hyperextension. We retrospectively studied 31 patients with generalized joint laxity after ACL reconstruction with either an autogenous bonepatellar tendon-bone (BPTB) graft or a hamstring tendon graft and found patients with a hamstring tendon graft had greater translation (average, 4.5 mm) on the KT2000 TM Each author certifies that he or she has no commercial associations (eg, consultancies, stock ownership, equity interest, patent/licensing arrangements, etc) that might pose a conflict of interest in connection with the submitted article. Each author certifies that his or her institution waived approval for the human protocol for this investigation and that all investigations were conducted in conformity with ethical principles of research. arthrometer than did patients with a BPTB graft (average, 3.4 mm). However, the primary purpose of that study was to compare clinical outcomes of ACL reconstruction using different grafts in patients with generalized joint laxity. Therefore, no consensus exists regarding whether adverse effects on ACL reconstruction are attributable to jointspecific laxity or increase in proportion to the severity of generalized joint laxity.
The purpose of this study was to identify independent prognostic factors for clinical outcomes of ACL reconstruction. We specifically hypothesized knee stability and functional outcomes assessed by the International Knee Documentation Committee (IKDC) and Lysholm scores (1) would be worse in proportion to the total sum of positive tests according to the Beighton and Horan criteria, (2) would inversely correlate with knee hyperextension, and finally we hypothesized (3) the grafts would provide similar stability.
Materials and Methods
We retrospectively reviewed the records of 446 patients who underwent ACL reconstruction between February 2000 and August 2004. Subjects were selected on the basis of the following criteria: (1) a unilateral ACL injury without associated ligament injuries; (2) no articular cartilage erosion greater than Grade II according to the Outerbridge classification [20] at the time of surgery; (3) intact or meniscectomized meniscus with maintained hoop tension; and (4) followup greater than 24 months. Based on these criteria, 272 subjects (175 males and 97 females were eligible for this study. The mean age of the patients was 29.4 years and the mean duration of the symptoms was 13.6 months ( Table 1 ). The Beighton and Horan criteria [2] , which have gained international acceptance [12] , were used to assess joint laxity: (1) passive dorsiflexion of the little fingers greater than 90°; (2) passive apposition of the thumbs to the flexor aspects of the forearms; (3) hyperextension of the elbows greater than 10°; (4) hyperextension of the knees greater than 10°; and (5) forward flexion of the trunk with the knees straight so the palms of the hands rest easily on the floor. The five elements of the scale that measure joint laxity are scored as ''yes'' or ''no.'' All elements are added to give an overall joint laxity score ranging from 0 (normal laxity) to 5 (hyperlaxity). For the knee, the uninjured side was evaluated for laxity. We observed no differences in preoperative knee stability according to generalized joint laxity severity ( Table 2) . Preoperatively there were no differences in IKDC or Lysholm scores among the patients with different total sum of positive tests ( Table 2) .
For graft materials, we used either a BPTB or hamstring grafts (semitendinosus-gracilis). Graft selection was not randomized. However, all procedures were performed by the senior author (SJK), and the same rehabilitation protocol was followed. The selection of a BPTB graft was dependent on the length of the patellar tendon as measured on MRI: a BPTB graft was selected if the length of the patellar tendon was less than 4 cm to avoid graft length mismatch [14] . Otherwise, a hamstring graft was used. The BPTB graft was harvested with a width of 10 mm. The patellar and tibial bone blocks were trapezoidal, 25 mm long and 8 mm deep. The patellar paratenon was sutured. A tibial tunnel was drilled with a 10-mm cannulated reamer. A femoral guide pin was positioned at the 10:30 o'clock position on the right knee or the 1:30 o'clock position on the left knee with the knee flexed 70°to 90°, and the femoral socket was reamed to a depth of 30 mm. The previously prepared BPTB graft was passed through the tibial tunnel, across the joint, and into the femoral socket. The graft was secured in the femoral socket with a bioabsorbable interference screw with the knee held at 90°fl exion. The graft was pretensioned by pulling it tightly and moving the knee through a full range of motion 10 times. The graft then was fixed in the tibial tunnel with a bioabsorbable interference screw at 10°to 15°knee flexion.
For the semitendinosus-gracilis graft, the hamstring tendons were divided proximally at their musculotendinous junction with an open-loop tendon stripper without detachment of their distal insertions. The ends of the gracilis and semitendinosus tendons were whipstitched with #1 Ethibond 1 suture (Ethicon, Inc, Somerville, NJ). A tibial tunnel was drilled with a 10-mm cannulated reamer. A femoral socket was reamed to a depth of 30 mm with a 10-mm-diameter reamer. The femoral socket then was extended by making an EndoButton 1 tunnel (Acufex Microsurgical, Andover, MA) with a 4.5-mm-diameter reamer. Suspensory fixation of the proximal looped tendon then was performed in the femoral socket with a looped Mersilene 1 tape (Ethicon, Inc) that was passed through the EndoButton 1 and secured to the lateral femoral cortex. The leading sutures of both grafts were tied together and pulled through the tibial tunnel with a Kelly clamp so that tension was applied equally to both grafts. The tendons then were pretensioned using a method similar to that used for the BPTB grafts. When all four strands exhibited the same amount of tension, buckle staples (Smith and Nephew, Memphis, TN) were used to fix the graft to the tibial cortex. Absorbable interference bioscrews were placed in the tibial tunnel and the femoral socket [11] .
The same rehabilitation protocol was followed for all patients. Patients were permitted a full range of motion and immediate partial weightbearing using crutches. Patients were allowed to bear full weight approximately 4 weeks after surgery. By 12 weeks, jogging, swimming, and cycling were permitted. Participation in sports involving jumping, pivoting, or sidestepping was allowed after 6 months.
We obtained clinical outcomes from data taken before surgery and at the 24-month followup. Manual examinations were performed by the senior author (SJK). Ligament stability was examined by the Lachman and pivot shift tests. The Lachman test was graded using a scale of 0(\ 3 mm), 1 + (3-5 mm), 2 + (6-10 mm), or 3 + ([ 10 mm). The pivot shift test was performed in the position of thigh abduction and internal rotation. The pivot shift phenomenon was graded using a scale of 0 (absent), 1 + (subluxation), 2 + (jump), or 3 + (transient lock). The side-to-side difference of anterior translation was measured with a KT2000 TM arthrometer (MEDmetric 1 Corp, San Diego, CA) (134 N) at 30°knee flexion. Functional outcomes were assessed using the Lysholm score [16] and the IKDC score [7] .
Measurements were expressed as mean and standard deviation (SD). To investigate the effect of generalized joint laxity severity, we analyzed differences in postoperative knee stability and Lysholm scores using the analysis of variance (ANOVA) test and differences in IKDC scores using the chi square test. Bivariate analysis (Pearson correlation coefficient for continuous data, Spearman correlation coefficient for categorical data) was used to determine the correlation of joint-specific laxity to postoperative knee stability, Lysholm scores, and IKDC scores. Regression analysis was used to assess association between postoperative knee translation, Lysholm score (stepwise linear regression), or IKDC (multiple logistic regression) as dependent variables and the total sum of positive tests or joint-specific laxity as independent variables. Statistical analysis was performed using SPSS 1 software (Version 13.0; SPSS Inc, Chicago, IL).
Results
We observed differences (p = 0.001) in postoperative knee translation among the patients with differing total sums of positive tests. A post hoc test showed increased mean knee translation in patients with a score of 5 compared with those with a score of 3 or less, although mean translation in patients with a score of 4 was similar to that in patients with a score of 3 or lower. The average postoperative anterior translation was 3.06 mm (SD, 1.4 mm) ( Table 3 ). The severity of generalized joint laxity negatively correlated with postoperative Lysholm scores (r = À0.116; p = 0.013) and IKDC scores (r = À0.193; p = 0.001). Postoperative knee stability correlated with passive dorsiflexion of the little finger (r = 0.271), passive opposition of the thumb to the flexor aspect of the forearm (r = 0.305), and hyperextension of the knee (r = 0.461) ( Table 4 ). We observed a correlation (r = À0.285) between postoperative Lysholm scores and hyperextension of the knee. IKDC scores correlated with passive opposition of the thumb to the flexor aspect of the forearm (r = À0.325) and knee hyperextension (r = À0.248). IKDC scores weakly correlated with passive dorsiflexion of the little finger (r = À0.169) ( Table 4 ).
When total sum of positive tests or joint-specific laxity were considered as independent variables, only hyperextension of the knee independently predicted postoperative knee stability (p = 0.001), Lysholm (p = 0.017), and IKDC scores (p = 0.012).
BPTB grafts provided better knee stability than hamstring grafts (p = 0.008) ( Table 3 ). Patients who had a positive finding of 5 and underwent ACL reconstruction using a hamstring tendon graft showed a greater anterior translation compared with patients who had a BPTB graft (Table 3 ). Among the patients who received a BPTB graft, differences were not observed. In patients with knee hyperextension, a BPTB graft showed superior knee stability and function (Table 5 ).
Discussion
Generalized joint laxity is considered one of the risk factors for failure of ACL reconstruction [1] . However, no consensus exists regarding whether adverse effects on ACL reconstruction are attributable to joint-specific laxity or are related to the severity of generalized joint laxity. The purpose of our study was to determine the effect of severity of generalized joint laxity on knee stability and functional outcomes. We also sought to find prognostic factors among the specific-joint laxity influencing postoperative clinical outcomes.
Our study has some inherent limitations that warrant review. First, we did not evaluate graft impingement on the intercondylar notch with imaging studies such as hyperextension lateral radiographs or MRI. Therefore, we are not certain to what extent the impingement occurred in knees with hyperextension. Second, manual examination of knee Values without statistical significance are not presented; SCC = Spearman q correlation coefficient; IKDC = International Knee Documentation Committee. stability was performed only by the senior author (SJK). Therefore, we are not completely convinced of the accuracy of physical examination because the reliability was not assessed. However, this could lead to consistency of serial evaluation. Johnson et al. [11] found manual examination is reliable provided only one observer performs the test. Therefore, they recommended one observer perform the physical examination on each occasion to maximize reliability. Third, the clinical index for joint laxity is subject to observer bias. This may lead to misinterpretation of the effects of joint-specific laxity or the severity of generalized joint laxity. Therefore, to enhance reliability of the test, evaluation skills should be tested for consistency between the examiners. However, we could not provide consistency owing to the retrospective nature of the investigation. According to Remvig et al. [24] , the Beighton and Horan method for diagnosis of generalized joint laxity showed high kappa values (intraobserver: 0.75; interobserver: 0.78). Therefore, they concluded the Beighton and Horan method is to some extent reproducible in the hands of experienced doctors. In our study, data collections were performed by five experienced clinical fellows, and consequently observer bias could be minimized.
Our data suggest greater anterior knee translation in patients with a joint laxity score of 5 than in those who scored 4 or lower. However, anterior knee translation did not increase in proportion to the severity of the generalized joint laxity. Patients with scores of 4 or lower showed comparable knee stability. It was similar to functional scores. Although we found a correlation between the severity of generalized joint laxity and functional outcomes, multivariate analysis revealed functional outcomes were not worse in proportion to the total sum of positive tests of joint laxity. We believe the main reason for this is the influence of knee hyperextension. The relationship between generalized joint laxity and knee laxity has not been well recognized. Knee laxity has been considered a trait of females, as the prevalence of joint laxity is greater in females than in males [5, 18, 19] . Pearsall et al. [22] investigated this issue to clarify influences of generalized joint laxity and did not find a correlation between instrumented measurement of knee laxity and generalized joint laxity. Our patients with knee hyperextension had greater anterior translation compared with those without knee hyperextension. We found knee hyperextension the strongest independent predictor for postoperative knee stability and function, even though other factors such as passive dorsiflexion of the little finger and passive opposition of the thumb also correlated with increased postoperative anterior translation and less favorable functional outcomes. These findings indicate knee hyperextension has potential harmful effects that may be related to an increased risk for anterior knee translation or low clinical outcome.
We assumed there would be two aspects of the negative effect of knee hyperextension on ACL reconstruction. First, mechanical factors such as secondary restraint laxity may influence knee stability or function [17] . There is a paucity of published information concerning the relationship between knee hyperextension and stress concentration on the reconstructed ACL. However, it is possible, in patients with knee hyperextension, a reconstructed ACL may undergo more consistent severe stress than in those with normal knee laxity because of the absence of sufficiently taut ligaments and tendons that surround the lower extremity, stabilize the knee, and absorb ground reaction force [18, 21] . Actually, hyperextension of the knee and physiologic joint laxity have been considered intrinsic factors contributing to traumatic ACL injuries [23, 25] . Second, the possibility of ACL graft impingement against the intercondylar roof may be increased. This has been implicated as a main cause of graft deterioration or rerupture after ACL reconstruction [3, 8, 9, 26] .
We found a BPTB graft showed better stability than a hamstring tendon graft in patients with hyperextension of the knee. There are several potential reasons for the inferior result with hamstring tendon grafts, including delayed incorporation of the graft into the bone tunnel [6] . In a report on the effect of joint laxity in female patients, progressively increased translation was observed with a hamstring tendon graft [19] . Technically, some authors prefer serial dilation for a tighter graft-tunnel fit in ACL reconstruction using a hamstring graft [4] . In our technique, the femoral socket was created using extraction drilling instead of serial dilation to maintain even tension among the four strands of the hamstring tendon more easily. This discrepancy between the graft and the femoral socket may result in prolonged healing time [13] .
Postoperative anterior knee translation does not increase in proportion to the severity of generalized joint laxity. Instead, hyperextension of the knee most strongly predicted postoperative knee instability and function among the clinical indices of joint laxity. In patients with knee hyperextension, an autogenous BPTB graft can achieve better stability and function than an autogenous hamstring tendon graft.
